Introduction
The flexibility in the upstream side of supply chains has attracted the interest of many researchers in recent years. From an academic perspective, the study of flexibility across supply chains complements the vast research on manufacturing flexibility.
However, Stevenson and Spring (2007) , in an exhaustive literature review on supply chain flexibility, remarked the lack of empirical research on the subject, notably on assessment methodologies. From a practical viewpoint, many firms are increasingly relying on supply networks to assure a rapid response to the market. For example, the use of 'virtual integration' with suppliers and logistics providers is one of the methods that Dell uses to assure higher agility in the computer sector (Magretta 1998).
In this study, based on the definitions by Duclos et al. (2003) and Upton (1994) Alternatively, the use of information technology tools (e.g. EDI, e-marketplaces and supply chain planning software) is an option (Saeed et al. 2005) .
Nonetheless, there are few empirical studies that compare the effectiveness (i.e.
'the capacity of producing a desired effect', according to the definition from the Merriam-Webster dictionary) of the different supply flexibility sources (e.g. Prater et al. 2001 , Lee 2004 . Indeed, Sawhney (2006) claims that 'opportunities exist for both theoretical and empirical researchers to examine the various management actions that promote both the acquisition of the dimensions of flexibility and the reduction of uncertainty in the value chain'. Moreover, most of the previous supply flexibility studies are theoretical or based on anecdotal evidence. Additionally, the literature on flexibility is generally limited to Operations Management (OM) issues and does not specifically address purchasing (Giunipero et al. 2005) . Finally, there is a lack of studies analysing other variables (e.g. flexibility focus) that could affect the relationship between sourcing practices and supply flexibility. In the next section we review the literature on supply flexibility.
Literature review

Supply flexibility
There are some recent studies in the OM literature that focus on the flexibility in the upstream part of the supply chain. Zhang et al. (2002) drew from Porter (1985) to define purchasing flexibility as 'the ability of the organization to provide the variety of materials and supplies needed by manufacturing quickly and performance-effectively through cooperative relationships with suppliers.' However, it was a theoretical study, i.e. it lacked empirical validation of the constructs. The same applies to the study of Duclos et al. (2003) 
on supply flexibility, defined as 'the ability to meet the changing needs of customers, changing the supply of products, including mix, volume, product variations and new products'.
More recently, researchers followed an empirical approach to investigate flexibility in the upstream part of the supply chain. For example, Pujawan (2004) proposed a methodology to assess supply flexibility and provided a case study where this methodology was used. Swafford et al. (2006) were the first to develop and test a scale to measure sourcing flexibility, defined as 'the availability of a range of options and the ability of the purchasing process to effectively exploit them so as to respond to changing requirements related to the supply of purchased components'. This type of flexibility was divided into two dimensions: range (i.e. the number of different states that can be achieved with the existing resources) and adaptability (i.e. the ability to change from one state to another in a timely and cost effective manner).
Previous definitions present some common drawbacks. First, some flexibility items and sourcing practices overlap, fact that can represent an obstacle in studies aiming to analyse the effect of sourcing practices on supply flexibility. Second, they Based on these limitations, and considering the definitions of Duclos et al. (2003) and Upton (1994) , in this study supply flexibility was defined as the ability of the purchasing function to respond in a timely and cost effective manner to changing requirements of purchased components, in terms of volume, mix and delivery date. The main difference with respect to previous studies lies in the assessment methodology.
Flexibility was assessed at a specific component level (rather than at firm level).
Moreover, special attention was dedicated to the design of the assessment items in order to avoid overlapping with sourcing practices.
In the next section, we review the sourcing practices that have been acknowledged to increase supply flexibility (i.e. supply flexibility sources).
Sources of supply flexibility
Jack and Raturi (2002) defined flexibility sources as 'specific actions to generate flexibility'. Accordingly, we define a supply flexibility source as a practice in the purchasing function that allows an increase in supply flexibility. In this section, we provide a literature review of the sources of supply flexibility. A schematic view of them is shown in Table 1.   INSERT TABLE 1 Furthermore, trust and collaborative efforts between buyers and suppliers (e.g. joint planning, cross-functional teams, establishing common goals) improve supply chain responsiveness to uncertain environments (Christopher 2000, Wei and Krajewski 2000) .
Joint product development:
The early involvement of suppliers in product development can be used to increase supplier responsiveness during the production phase (Lee 2004), a typical example being the substantial involvement of key suppliers in the development of automotive systems (Womack et al. 1990) . Moreover, joint product development may increase parts commonality (i.e. the same component can be used in several products), which reduces the need of supply flexibility (Pujawan 2004).
Supplier selection: When the focus of a firm is to develop a market-responsive process, the supplier selection process should be based on flexibility, rather than cost (Fisher 1997 , Giunipero et al. 2005 . For example, Choi and Hartley (1996) found that the capability of suppliers to make volume changes is an important supplier selection criterion in the automotive industry.
Flexible contracts:
The amount of flexibility to be specified in a contract is one of the most important decision functions in materials procurement (Van der Vaart et al. 1996) . Indeed, Wei and Krajewski (2000) argue that quantity flexible contracts, in which buyer and supplier negotiate the amount of deviation of actual orders from the forecasts, are an efficient source of flexibility in the upstream part of the supply chain. (Pujawan 2004 , Zhang et al. 2002 . The varied operational features (i.e. intransit time, cost, capacity, frequency of delivery, etc) of the different transportation modes increase the range of options available to meet the changing customer needs (Zhang et al. 2002) . Saeed et al. (2005) and Swafford et al. (2006b) argue that the use of inter-organizational systems in supply chains can be divided into two categories: electronic integration and electronic brokerage. Electronic integration will be explained in the next paragraph, and electronic brokerage corresponds to the use of emarketplaces. Online searching for suppliers offers access to a larger number of potential suppliers (Peleg et al. 2002 , Lee 2002 Internal Integration: Stevens (1989) considered internal integration as a removal of the intra-organizational barriers between departments. This sort of integration (e.g. between Purchasing and Logistics) permits an increase in the responsiveness to changing materials requirements (Swafford et al. 2006 , Narasimhan et al. 2006 .
Long-term relationships:
E-marketplaces:
Inventory buffers:
Buffer stocks of critical items are commonly used to hedge against uncertainty (Lee 2002 , Fisher 1997 . Some studies suggest that they can partly compensate a lack of supplier integration, specifically when there is high volume uncertainty and low mix uncertainty (Van Donk and Van der Vaart, 2005) .
In this study, the moderating effect of flexibility focus on the effectiveness of the distinct supply flexibility sources is also analysed. In the next section, we revise briefly some studies concerning flexibility focus.
Flexibility focus
The deployment of flexibility sources depends on the firm strategy and, more specifically, on its flexibility focus. Some empirical studies on flexibility have proposed Similarly, Krause et al. (2001) proposed a 'flexibility' factor, which measured the degree of importance of flexibility in the supplier selection procedure.
Model development
The objective of this paper is to analyse the effectiveness of several sourcing practices concerning the achievement of supply flexibility. Figure 1 depicts the research framework of this study.
INSERT FIGURE 1 HERE
In order to assure research generalizability, it is important to consider some control variables, the first one being flexibility focus. Most of the sourcing practices considered in this study can be employed to obtain goals different from flexibility (e.g. e-marketplaces may be introduced motivated by cost reduction, rather than flexibility increase). Therefore, it is important to add to the regression model a control variable in order to assure that the effects of the sourcing practices on flexibility are independent of the flexibility focus of the firm. Second, firm revenue may impact the level of utilization of each sourcing practice (e.g. bigger firms may have more resources to implement EDI than smaller ones). We observe that, in the OM literature, firm size is usually measured using either the number of employees, or the firm revenue. In our study, we used revenue, as the level of financial resources available to invest in many of the sourcing practices considered (e.g. EDI, e-marketplaces, 3PL, etc) may be determined by this figure (revenue) rather than by the number of employees. Firm revenue has also been used as a control variable in similar studies (e.g. Chen and Paulraj 2004 , Narasimhan et al. 2006 , Swafford et al. 2006 . Thus, two control variables were added to the model: flexibility focus and revenue.
In the next section we explain the methodology used to design the questionnaire and to collect the data. 
The instrument
In order to assure content validity, questionnaire items were based on previous studies (see Appendix) and pre-tests with purchasing managers and academics were used to guarantee a perfect understanding of the questions. Based on the pre-tests, the final version of the questionnaire incorporated some minor changes to improve the readability and clarity of the survey items.
Sampling
The sample consisted of members of the Spanish Association of Purchasing Managers (AERCE). All 1 504 members of AERCE were asked to participate in the study, receiving an electronic message with a link to the web page of the survey. Nonrespondents received a second message, two weeks after the first one. A total of 100 answers were received. In order to show more precisely the relationship between sourcing practices and supply flexibility, 'not flexibility-focused' firms (i.e. 'flexibility focus' less or equal than five) were excluded from the study. After dropping the cases with missing data or not flexibility-focused firms, the total sample size was reduced to 77 firms, which means a response rate of 5.10%. This slightly low response rate should be analysed in the context of other web-based surveys. Actually, studies suggest that the response rate in online surveys is lower than in mail questionnaires, being as low as 7% in some cases (Braunsberger et al. 2007 ). In addition, it is important to consider the length and broad nature of the questionnaire, as well as the confidential nature of the information requested. Moreover, a demonstrated lack of response bias is considerably more important than a high response rate (Babbie 1990) . For this reason, non-response bias was checked, by comparing early and late respondents. In particular, the first 30 received surveys and the last 30 received surveys were compared, using 10 randomly selected variables. Results suggested no significant difference between both groups, indicating that non-response bias is not a cause of concern (Hair et al. 1998) , and that the sample is adequate to make inferences about the whole population. Therefore, we The industry and size distribution of the sample can be appreciated in Table 2.   INSERT TABLE 2 HERE 
Data analysis and discussion
Factor analysis
Exploratory factor analysis with varimax rotation was conducted in order to explore the underlying supply flexibility dimensions. In the interest of convergent and discriminant validity, we only considered items that had a factor loading higher than 0.50 and did not have a loading in excess of 0.40 on a second factor (Bagozzi and Yi 1988 ). Cronbach's alpha was used to evaluate reliability (i.e. how well a set of items measures a single one-dimensional latent construct values). In general, reliability coefficients of 0.70 are considered satisfactory, but some researchers consider 0.60 as a practical cut-off The final factor loadings of the supply flexibility retained items, as well as their underlying factors, can be appreciated in Table 3 . The Kaiser-Meyer-Olkin test of sampling adequacy (KMO = 0.531) and the Bartlett's test of sphericity (significance = 0.000) were within the generally accepted limits, suggesting that factor analysis could be applied (Malhotra 1996). Cronbach's alpha was at least 0.608 for all dimensions of supply flexibility (see Table 3 ), indicating that construct reliabilities were adequate.
INSERT TABLE 3
Results of the factor analysis suggested the existence of three underlying dimensions of supply flexibility: delivery policy (FLEX1 and FLEX2), supplier responsiveness (FLEX3 and FLEX4) and adaptability (FLEX6, FLEX7 and FLEX9). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 These results differ slightly from previous studies (e.g. Swafford et al. 2006 ).
The main difference is the partitioning of the 'range' dimension of supply flexibility (Swafford et al. 2006) into two dimensions (i.e. 'supplier responsiveness' and 'delivery policy'). The 'adaptability' dimension identified in our paper is analogous to previous studies (Swafford et al. 2006 , Swafford et al. 2006b . Next, the different dimensions of supply flexibility are examined individually.
Regression analysis
According to the research framework presented in section three, we conducted a regression analysis using the flexibility sources as independent variables. Composite factor scores of each of the three dimensions of supply flexibility derived in the factor analysis (supplier responsiveness, delivery policy and adaptability) were used as dependent variables. The research model is depicted in Figure 2 .
INSERT FIGURE 2 HERE
The underlying assumptions of regression analysis -normality, linearity and homoscedasticity were examined through the analysis of the normal probability plot of residuals and the plots of the residuals against the predicted values. This analysis suggested that there were no violations of the regression assumptions.
Multicollinearity can also be a problem in multiple regression. Thus, before running the multiple regression, we first checked the bivariate collinearity using the correlation matrix of the independent variables. The correlation matrix analysis suggested that there are some potential sources of bivariate collinearity among the flexibility sources SRC3 (supplier integration), SRC4 (joint product development), and SRC11 (internal integration). There was a moderate correlation between SRC3 and SRC4 (r = 0.656), between SRC11 and SRC4 (r = 0.438) and between SRC3 and SRC11 (r = 0.434). A content analysis also suggested some redundancy between variables SRC3 and SRC4. To prevent problems, the SRC4 variable was dropped from the regression analysis. We maintained SRC3 (supplier integration) because this variable was more general and encompassed much of SRC4 (joint product development). SCR11 was kept because the distinction between internal and external integration is conceptually important for the study.
In order to check for multivariate collinearity, we performed a preliminary analysis of the regression of each independent variable on the remaining independent variables. The variance inflation factors (VIF) scores obtained this way were smaller than the cut-off of 10 (Mason and Perrault 1991), suggesting no multicollinearity problems. However, an additional analysis of the condition indexes revealed that there were two values above 15, suggesting moderate multicollinearity (Belsley et al. 1980) .
To minimize problems generated by multicollinearity, stepwise regression was applied to select the independent variables that would be included in the model, a procedure which has been largely used in OM studies (e.g. Johnson 2002 , GonzalezBenito et al. 2003 , Flynn and Saladin 2006 . Later, the model was refined adding some control variables (revenue and flexibility focus). This regression procedure was repeated for each dependent variable (supplier responsiveness, delivery policy and adaptability).
In the next sections, the results for each of the dependent variables (supplier responsiveness, delivery policy and adaptability) are analysed.
Supplier responsiveness.
As previously explained, stepwise regression was applied to select the independent variables (sources) that affect supplier responsiveness.
The model that best explained the observed variance in the supplier responsiveness construct had two independent variables: SRC2 (domestic sourcing) and SRC11 (internal integration). Therefore, as a first step we evaluated the model including these variables. In a second step we added the control variables ('revenue' and 'flexibility focus'), and in a third step we added the interaction effects. Schematically, we evaluated the following models: 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 
INSERT TABLE 4 HERE
Potential outliers and influential cases were examined. Univariate outliers were verified using the cutoff of three standard deviations from the mean. Multivariate outliers were checked using two cut-offs: an absolute (Cook's D should be less than 1), and a size-adjusted (Cook's D should be less than 4/n (Hamilton 1992)). The absolute cut-off revealed no influential case. The size-adjusted (Cook's D > 0.052) cut-off suggested seven influential cases. We ran the stepwise regression without those cases, and then the results suggested that the variable SRC11 (internal integration) was replaced by SRC3 (supplier integration). This can be explained by the moderate correlation (r = 0.434, p < 0.01) between both variables. Thus, generalizability of results should be looked at carefully, and further studies should investigate the separate effect of each variable on supply flexibility.
Interestingly, SRC2 (domestic sourcing), SRC3 (supplier integration) and SRC11 (internal integration) can be viewed as 'integration' variables (if domestic
sourcing is considered as a sort of 'physical integration'), which suggests a positive This study adds to this debate by analysing individually the effect of integration practices on supplier responsiveness, controlling for flexibility focus and firm size.
Although the results suggest that this relationship is positive, further research is still needed. For example, future studies should take into consideration a wider array of integration practices (e.g. vendor-managed inventories) and context variables (e.g. environmental uncertainty).
Delivery Policy.
Next, we describe the regression of the second supply flexibility dimension (delivery policy) on the flexibility sources. The model that best explains the observed variance in the delivery policy dimension has only one independent variable: SRC5 (supplier selection). As a first step we evaluated the model including this independent variable. In a second step we added the control variables ('revenue' and 'flexibility focus'), and in a third step we added the interaction effects. The regression equations evaluated are: DP = 0 + 1 * SRC5 + U DP = 0 + 1 * SRC5 + 2 * REV + 3 * IMP + U DP = 0 + 1 * SRC5 + 2 * REV + 3 * IMP + 4 * SRC5 * REV + 5 * SRC5 * IMP + U where DP is 'delivery policy'; SRC5 is 'supplier selection'; REV is 'firm revenue'; IMP is 'flexibility focus' and U is the error term of the regression model.
Results suggest that, controlling for firm size and flexibility focus, the model is still significant (p-value = 0.047), as well as the regression coefficient (p-value = 0.016).
As far as the control variables are concerned, 'revenue' and 'flexibility focus' have no significant effect on the dependent variable. After adding the interaction terms (SRC5*IMP and SRC5*REV), the model is not significant. Therefore, the model does 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 The results can be seen in Table 5.   INSERT TABLE 5 This result corroborates the idea that price should not be the sole criterion to select suppliers (Nassimbeni et al. 2003) and that a flexible delivery policy could compensate higher prices of material (Giunipero et al. 2005) .
Adaptability.
Next, we describe the regression of the 'adaptability' dimension of supply flexibility on the flexibility sources. The model that best explained the observed variance in the adaptability dimension had three independent variables: SRC8 (logistics provider integration), SRC9 (alternative transportation modes) and SRC12 (electronic integration). As a first step we evaluated the model including these independent variables. In a second step we added the control variables ('revenue' and 'flexibility focus'), and in a third step we added the interaction effects. The regression equations evaluated are: A = 0 + 1 * SRC8 + 2 * SRC9 + 3 * SRC12 + U A = 0 + 1 * SRC8 + 2 * SRC9 + 3 * SRC12 + 4 * REV + 5 * IMP +U A = 0 + 1 * SRC8 + 2 * SRC9 + 3 * SRC12 + 4 * REV + 5 * IMP + 6 * SRC8 * REV + 7 * SRC8 * IMP + 8 * SRC9 * REV + 9 * SRC9 * IMP + 10 * SRC12 * REV + 11 * SRC12*IMP + U where A is 'adaptability'; SRC8 is 'logistics provider integration'; SRC9 is 'alternative transportation modes'; SRC12 is 'electronic integration'; REV is 'firm revenue'; IMP is 'flexibility focus' and U is the error term of the regression model. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 After including the interaction terms (SRC8*IMP, SRC8*REV, SRC9*IMP, SRC9*REV, SRC12*IMP, SRC12*REV), the model is not significant. Thus, the model does not support the hypothesized moderator effect of 'flexibility focus' or 'revenue' on the relationship between the flexibility sources and adaptability.
Results are displayed in Table 6.   INSERT TABLE 6 Interestingly, a negative association between logistics provider integration and adaptability (standardized beta = -0.259, p = 0.033) was found. This result departs from previous studies, which associate third-party logistics provider integration with flexibility (Anderson et al. 1997) . A plausible reason for such a finding could be due to potential negative effects of integration on flexibility. Das et al. (2006) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 This study has several research implications. First, the relationship between flexibility sources and the supply flexibility is a complex issue that deserves a multidimensional analysis. Second, this study provides researchers with a framework that can be used to investigate quantitatively the effects of managerial practices on supply flexibility. Lastly, the focus on flexibility adds to the integration literature, which has been mostly restricted to the strategic objective of reducing costs or lead-times.
This study has some important managerial implications. First, this research supports the notion that integration affects positively supplier responsiveness. More specifically, firms that adopt supplier collaboration (e.g. collaborative planning, sharing of information, joint establishment of goals), integrate purchasing with other internal functions (e.g. production, logistics) and adopt domestic sourcing have higher supplier 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 should include some flexibility verifications (e.g. excess capacity and responsiveness) in the supplier selection procedures. Third, electronic integration has a positive effect on adaptability. In other words, by investing in procurement IT (e.g. EDI, supply chain planning software, etc), firms can increase their capacity of adapting quickly to changes in demand patterns (e.g. volume, mix and delivery fluctuations). Finally, these effects are independent of firm revenue or flexibility focus.
This study has several limitations that future researchers should consider. First, the sample was drawn from a single country, thus in future studies a more geographically diversified sample of firms should be considered. Second, although the statistical procedures suggest sufficient validity, the sample size should be larger in further studies, to increase the generalizability of the results. Third, the use of singleinformants raises the issue of a potential informant bias. Accordingly, further studies considering multiple informants would lead to a more complete understanding of the approaches used by firms to increase supply flexibility. Finally, cross-sectional studies may assume causal relationships among variables that may not correspond to reality. In further research, causal relationships should be confirmed using longitudinal studies.
As a general conclusion, this study provided important clues for better understanding the effects of sourcing practices on supply flexibility. Nevertheless, considerable research is necessary before arriving at a general, empirical understanding of the actions managers should take to improve the various dimensions of supply flexibility.
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Flexibility sources
Indicate the frequency you use these practices to increase the supply flexibility of this material (1 = never; 10 = very frequently):
(1) We use multiple suppliers. (Quayle 1998 , Zeng 2000 , Minner 2003 , Stratton and Warburton 2003 Stratton and Warburton 2003 , Bruce et al. 2004 , Chung et al. 2004 , Saeed et al. 2005 (13) We use inventory buffers. (Fisher 1997 , Wei and Krajewski 2000 , Lee 2002 , Stratton and Warburton 2003 (14) We use other sources of supply flexibility. Which one (s)?
Supply flexibility
Using a 10-point scale (1 = low; 10 = high), please evaluate the level of the following characteristics associated with the procurement/sourcing function in your business unit:
(1) Range of supplier delivery frequencies (daily, weekly, etc) . (Swafford et al., 2006) (2) Range of possible order sizes from suppliers. (Swafford et al., 2006) (3) Extent to which supplier lead-time can be expedited/changed. (Swafford et al., 2006) (4) Extent to which supplier short-term capacity can be influenced. (Swafford et al., 2006) Using a 10-point scale (1 = low; 10 = high), please indicate the average level of cost/time associated with engaging in the following procurement/sourcing activities in your business unit:
(1) Change quantity of supplier's order. (Swafford et al., 2006) (2) Change specification/configuration of supplier's order. (Swafford et al., 2006) (3) Influence supplier's ability to implement engineering change orders. (Swafford et al., 2006) (4) Change delivery times of orders placed with suppliers. (Swafford et al., 2006) (5) Influence supplier's short-term capacity. (Swafford et al., 2006) 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 (1) Which is the importance of flexibility in the sourcing strategy of your business unit? (Vickery et al. 1999) 
Flexibility focus
Annual revenue (million euros)
(1) Less than 1 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
